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(57)Abstract: 

PURPOSE: To perform exposing by setting each shot 
region, under an optimum condition, to the focusing 
surface of a projection type optical system, not 
depending on the surface condition (projected or 
recessed) of the shot region of a photosensitive 

substrate. <u a>> : 



instance, when a pattern of the narrowest line width is 
exposed to the pattern region 40B, a level difference 
(ZA-ZB) of the other region obtained with reference to 
that pattern region 40B is added as the offset to the 
height of the best focusing surface 42, considering the 
pattern region 40B as the reference surface for 
focusing. The pattern region 40B is focused to the best 

focusing surface 42 by setting the exposing surface to the focusing surface 42A after the 
addition. 



CONSTITUTION: Position in the direction Z is detected 
at the measuring points P1 to P5 on the shot region of a 
wafer W and distribution of projected and recessed 
areas on the shot region is obtained from the detected 
result and known data of process structure. For 
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* NOTICES * 

JPO and NCIPI axe not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The projection optics which projects a mask pattern on a photosensitive substrate, and the 
substrate stage which holds said substrate and positions said substrate in a flat surface perpendicular 
to the optical axis of said projection optics, The focal leveling stage which adjusts the height of the 
tilt angle of said substrate, and the direction of an optical axis of said projection optics of said 
substrate, The incident light study system which projects the image of the pattern for focal detection 
aslant to the optical axis of said projection optics using a nonphotosensitivity light to said 
photosensitive substrate on the measure point of the plurality in the exposure field by said projection 
optics, The light-receiving optical system which condenses the reflected light from said two or more 
measure points, and carries out re-image formation of the image of the pattern for the focal detection 
on said two or more measure points, Two or more photoelectrical detection means to generate the 
detecting signal corresponding to each amount of strike slips of two or more images in which re- 
image formation was carried out by this light-receiving optical system, In the projection aligner 
which has the control means which controls actuation of said focal leveling stage based on the 
detecting signal from these two or more photoelectrical detection means Each detecting signal of 
said photoelectrical detection means corresponding to said two or more measure points, And the 
projection aligner characterized by establishing an operation means to calculate the offset value for 
doubling the datum level of the focus on said substrate with the image surface by said projection 
optics independently for said two or more measure points of every, based on the process structure of _ 
the exposure side of said substrate. 

[Claim 2] Where the image of the pattern for said focal detection is projected into the exposure field 

by said projection optics from said incident light study system It asks for the detecting signal of said 

photoelectrical detection means to correspond, respectively in two or more measure points 

distributed the whole surface in said exposure field by driving said substrate stage and running said 

substrate. The detecting signal of said photoelectrical detection means in two or more measure points 

when said operation means is distributed all over said, And the projection aligner according to claim 

1 characterized by calculating the offset value for doubling the datum level of the focus on said 

substrate with the image surface by said projection optics independently for said two or more 

measure points of every based on the process structure of the exposure side of said substrate. r\ 

[Claim 3] The projection aligner according to claim 1 or 2 characterized by making the flux of light 

used in case the image of the pattern for said focal detection is projected into the exposure field by / \ 

said projection optics from said incident light study system into the flux of light which has the 

bandwidth of 1 OOnm or more. 

[Claim 4] The projection aligner according to claim 1, 2, or 3 characterized by arranging the optical r^r\ 

filter for carrying out entropy of the wavelength sensibility property of the flux of light used on the 

optical path to [ out of said incident light study system ] said two or more photoelectrical detection j 

means in case the image of the pattern for said focal detection is projected into the exposure field by 

said projection optics from said incident light study system. 

[Claim 5] Said operation means is a projection aligner according to claim 1, 2, 3, or 4 characterized 

by amending the desired value according to the height of the image formation side by said projection * 

optics using the offset value independently calculated for said two or more measure points of every. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the projection aligner especially equipped with the 
focal detection equipment for focusing of a sensitization substrate about the projection aligner which 
imprints mask patterns, such as a circuit pattern, on the sensitization substrate. 
[0002] 

[Description of the Prior Art] Conventionally, with the projection aligner, in case projection 
exposure of the patterns (or photo mask etc.) of a reticle is carried out through the projection optics 
of high resolving power on sensitization substrates (a wafer, a glass plate, etc. with which the 
photoresist layer was applied), the activity which makes the exposure side of a sensitization substrate 
agree correctly in the image formation side of the pattern of a reticle, i.e., focusing, serves as an 
indispensable thing. In recent years, while the depth of focus of projection optics becomes narrow, 
the present condition is that the thing using i line with a wavelength of 365nm as illumination light 
for exposure is also obtained only for the depth of about **0.7 micrometers. Furthermore, for the 
projection visual field of projection optics to tend to increase every year, to continue all over a large 
exposure visual field (for example, 22mm angle), and to secure the big depth of focus as much as 
possible is desired. 

[0003] thus, in order to perform focusing good all over a large exposure visual field, make it any ~ it 
is required that both the surface smoothness of the subregion on the sensitization substrate which 
enters in the exposure visual field (shot field) and surface smoothness (namely, a curvature of field 
and an image surface inclination are small) of an image formation side should be good. Among 
these, although the place for which it depends on the optical-character ability of the projection optics 
itself about a curvature of field and an image surface inclination is large, the flatness of a reticle and 
parallelism may become a factor, on the other hand, although the display flatness of every subregion 
on a sensitization substrate, i.e., 1 time of a projection exposure field, (shot field) is boiled to that 
extent with a sensitization substrate and is different, when only a minute amount leans the electrode 
holder holding a sensitization substrate, it is possible to set up the front face and image formation 
side of a shot field on a sensitization substrate in parallel. 

[0004] Thus, as the technique of also taking into consideration the inclination of the front face of one 
shot field on a sensitization substrate, and performing focusing, the technique indicated by JP,58- 
1 13706,A, JP,55-1348,A, etc. is known. In JP,55-1348,A, the spot of a light beam is projected on 
four on a sensitization substrate especially through projection optics, and the technique of carrying 
out photoelectrical detection of the spot image by the reflected light, and performing focusing of a 
sensitization substrate and inclination amendment (leveling) is indicated. 
[0005] However, since the latest semiconductor device etc. accumulates the pattern of much 
complicated structure on a substrate and is manufactured, the surface smoothness of the exposure 
side on a sensitization substrate tends to worsen. Therefore, the condition of the irregularity in the 
shot field on a sensitization substrate is measured, and development of the technique of doubling the 
average field of that shot field with the image formation side by projection optics in consideration of 
this measurement result is performed. For example, it sets to JP,2-198130,A. Fix the location of the 
direction of an optical axis of the projection optics of a sensitization substrate, and the sensitization 
substrate is moved. By measuring the location (focal location) of the direction of an optical axis of 
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projection optics in two or more measure points in the shot field on a sensitization substrate, and 
calculating the average of this measurement result The field location detection approach of 
calculating the offset value of the focal location resulting from the structure of the pattern in the shot 
field or a difference of arrangement is indicated. By this approach, the average focal location in 
consideration of the irregularity in a shot field is measured by applying that offset value to the 
measurement result of the focal location in the measure point of each shot field, for example, a 
center. 
[0006] 

[Problem(s) to be Solved by the Invention] In the conventional projection aligner, the offset value of 
a focal location was calculated as mentioned above by equalizing the focal location measured in two 
or more specific measure points in a predetermined shot field. However, in fact, by process 
structures (arrangement, a level difference, etc. of a pattern), the condition of the irregularity of the 
exposure side of each shot field of a sensitization substrate is various, and cannot search for the 
configuration of the average field of each shot field correctly only by equalizing the focal location in 
two or more specific measure points. Therefore, there is un-arranging [ that the case where the 
average field of each shot field cannot be stored within the limits of the depth of focus to the image 
formation side of projection optics according to an exposure process if arrangement, a level 
difference, etc. of the pattern in each shot field on a sensitization substrate change arises ]. 
[0007] Moreover, even when it seemed that he wants the field where the average field of each shot 
field is not doubled with an image formation side, for example, a pattern with the narrowest line 
breadth is exposed in each shot field to focus preponderantly, it was difficult to double the field [ a 
field ] to make it focus preponderantly with an image formation side by the conventional approach. 
This invention does not depend on the condition of the irregularity of each shot field of a 
sensitization substrate in view of this point, but it aims at offering the projection aligner which can 
be exposed by doubling each shot field with the image formation side by projection optics in the 
optimal condition. 
[0008] 

[Means for Solving the Problem] The projection optics to which the projection aligner by this 
invention projects a mask pattern (R) on a photosensitive substrate (W) (PL), The substrate stage 
which holds the substrate and positions the substrate in a flat surface perpendicular to the optical axis 
(AX) of projection optics (PL) (21), The focal leveling stage which adjusts the height of the tilt angle 
of the substrate, and the direction of an optical axis of the projection optics (PL) of the substrate (20), 
The incident light study system which projects the image (ST) of the pattern for focal detection 
aslant to the optical axis (AX) of projection optics (PL) at two or more measure points (P1-P5) in the 
exposure field (SA) by projection optics (PL) using a nonphotosensitivity light to the photosensitive 
substrate (1-6), The light-receiving optical system which condenses the reflected light from the 
measure point of these plurality, and carries out re-image formation of the image of the pattern for 
the focal detection on the measure point of these plurality (7-10), Two or more photoelectrical 
detection means to generate the detecting signal corresponding to each amount of strike slips of two 
or more images in which re-image formation was carried out by this light-receiving optical system 
(15, 13, 17), In the projection aligner which has the control means (30 18) which controls actuation 
of a focal leveling stage (20) based on the detecting signal (FSa-FSe) from the photoelectrical 
detection means of these plurality The process structure of the detecting signal of a photoelectrical 
detection means in the measure point of these plurality to correspond, and the exposure side of a 
substrate (W) (arrangement a pattern) Based on a level difference etc., an operation means (30B) to 
calculate the offset value for doubling the datum level (40B) of the focus on a substrate (W) with the 
image formation side (42) by projection optics (PL) independently for every measure point of these 
plurality is established. 

[0009] In this case, where the image (ST) of the pattern for that focal detection is projected into the 
exposure field (SA) by projection optics (PL) from that incident light study system By driving a 
substrate stage (21) and running a substrate (W) It asks for the detecting signal of a photoelectrical 
detection means to correspond, respectively in two or more measure points distributed the whole 
surface in an exposure field (SA). An operation means (3 0B) The detecting signal of the 
photoelectrical detection means in two or more measure points distributed all over the, And it is 
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desirable to calculate the offset value for doubling the datum level (40B) of the focus on the 
substrate with the image formation side (42) by projection optics (PL) independently for every 
measure point of these plurality based on the process structure of the exposure side of the substrate. 
[0010] Moreover, it is desirable to make the flux of light (IL) used in case the image (ST) of the 
pattern for focal detection is projected into the exposure field (SA) by projection optics (PL) from 
the incident light study system into the flux of light which has the bandwidth of lOOnm or more. 
Moreover, it is desirable to arrange the optical filter (60) for carrying out entropy of the wavelength 
sensibility property of the flux of light used on the optical path to [ out of the incident light study 
system ] the photoelectrical detection means of these plurality in case the image (ST) of the pattern 
for focal detection is projected into the exposure field by projection optics (PL) from the incident 
light study system. 

[001 1] Furthermore, as for an operation means (30B), it is desirable to amend the desired value 
according to the height of the image formation side (42) by projection optics (PL) using the offset 
value independently calculated for every measure point of these plurality. 
[0012] 

[Function] According to this this invention, as shown, for example in drawing 8 (a), the image of the 
pattern for focal detection is projected on the measure point (P1-P5) of the plurality in the exposure 
field by the projection optics on a substrate (W). Re-image formation of these images is carried out 
by light-receiving optical system, and the detecting signal (FSa-FSe) corresponding to the amount of 
strike slips of the image by which re-image formation was carried out is outputted from a 
photoelectrical detection means (for example, pixel in the array sensor 15 of drawing 7 ). By the 
oblique incidence method, since the amount of strike slips of these images by which re-image 
formation is carried out is proportional to the location (focal location) of the direction of an optical 
axis of the projection optics (PL) of a corresponding measure point mostly, the focal location (these 
are set to Zl -Z5) of the measure point which corresponds from these detecting signals is called for. 
[0013] However, in fact, as shown in drawing 8 (a), the pattern which is irregular with the exposure 
process till then etc. may be formed in the exposure side of a substrate (W). Moreover, when there is 
such irregularity and the field (for example, it turns out that it is the field which became depressed 
from the periphery) where a pattern with the narrowest line breadth is exposed is made into a field 
(40B), it is desirable to double this field (40B) with an image formation side (42). In this case, since 
the value (focal location) of the detecting signal measured, for example in the measure point (P3) is 
the smallest, it turns out that that measure point (P3) is on a field (40B). Then, let the detecting signal 
corresponding to the difference (ZA-ZB) of the height of the datum plane (40B) and other exposure 
sides (40 A, 40C) be an offset value in other measure points (PI, P2, P4, P5) based on the data of a 
process structure as a datum plane of the focus on a substrate (W) by the field (40B). Moreover, the 
offset value in a measure point (P3) is 0. 

[0014] Then, if focus and leveling are performed based on the value which deducted the offset value 
from the detecting signal actually detected, for example, as shown in drawing 8 (b), datum level 
(40B) will focus to an image formation side (42). As two or more measure points (P1-P5) on a 
substrate (W) show drawing 5 , moreover, when [ of an exposure field (SA) ] mostly arranged on the 
diagonal line By scanning a substrate (W) in the predetermined direction (the direction of X) to the 
projection image of the pattern for the focal detection on these measure points (P1-P5), the detecting 
signal in the measure point of the exposure field (SA) mostly distributed over the whole surface is 
obtained. Therefore, even when complicated concavo-convex distribution is all over that exposure 
field (SA), let the detecting signal corresponding to the difference of the height of this datum level 
and other parts be an offset value in each measure point by making into datum level the 
predetermined part (for example, field where a pattern with the narrowest line breadth is exposed) of 
the front face of that concavo-convex distribution. Thereby, the datum level can be made to focus. 
[0015] Next, other examples of the procedure for performing the focus and leveling For example, in 
drawing 8 (a), it is first based on the detecting signal by the photoelectrical detection means, and a 
process structure. It is calculating the offset value according to the difference (ZA-ZB) of the height 
from datum level (40B) to other fields (40A, 40C), and adding this offset value to the level of the 
detecting signal according to the height of an image formation side (42). The field corresponding to 
this addition result turns into a field (42A) as shown with a broken line. By controlling the height of 
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a substrate (W) there with a least square method, so that the difference of the detecting signal and the 
detecting signal of a field (42 A) of each measure point (P1-P5) becomes min, as shown in drawing 8 
(b), datum level (40B) focuses to an actual image formation side (42). 

[0016] Moreover, when the flux of light (IL) used in case the image (ST) of the pattern for focal 
detection is projected into the exposure field (SA) by projection optics (PL) from the incident light 
study system is made into the flux of light which has the bandwidth of lOOnm or more, the bad 
influence of thin film interference with the sensitive material (photoresist etc.) on a photosensitive 
substrate (W) etc. is mitigated. Moreover, on the optical path to [ out of an incident light study 
system ] the photoelectrical detection means of these plurality When the optical filter (60) for 
carrying out entropy of the wavelength sensibility property of the flux of light used in case the image 
(ST) of the pattern for height detection is projected into the exposure field by projection optics (PL) 
from the incident light study system has been arranged Even if the optical intensity distribution for 
every wavelength of the illumination light for focal detection are uneven like drawing 15 (a) As 
shown in drawing 15 (d), the wavelength property of the detecting signal obtained from a 
photoelectrical detection means becomes flat by setting up permeability distribution of the optical 
filter (60) like drawing 15 (b), so that it may become a property almost contrary to the optical 
intensity distribution. Therefore, height detection can be performed correctly, without being greatly 
influenced by the signal of specific wavelength. 
[0017] 

[Example] Hereafter, with reference to a drawing, it explains per example of the projection aligner 
by this invention. Drawing 1 is drawing showing the focal detection system of a TTL (through THE 
lens) method which detects the best focus side (image formation side) of projection optics among the 
projection aligners of this example. In drawing 1 , the reticle R by which pattern space PA of the 
circuit for real device manufacture was formed in the inferior surface of tongue is held at the non- 
illustrated reticle electrode holder. The optical axis AX of the projection optics PL which divided 
into the pre-group and the rear group across the drawing side (pupil surface) EP, and was expressed 
typically passes along the core of Reticle R, i.e., the core of pattern space PA, perpendicularly to the 
reticle pattern side. The Z-axis is taken in parallel with the optical axis AX, and a Y-axis is taken for 
the X-axis at right angles to the space of drawing 1 in parallel with the space of drawing 1 in a flat 
surface perpendicular to the Z-axis. 

[0018] Z and the leveling stage 20 which holds the wafer W with which the photoresist was applied 
under the projection optics PL are formed on X-Y stage 21 . Z and the leveling stage 20 control the 
tilt angle of Wafer W, and performs leveling while only a slight amount (for example, less than 
**100 micrometers) moves Wafer W in the optical-axis AX direction and it performs focusing. 
Moreover, X-Y stage 21 carries out two-dimensional migration of the wafer W in XY flat surface 
perpendicular to an optical axis AX, and the coordinate of the direction of X of X-Y stage 21 and the 
direction of Y is always measured by the non-illustrated laser interferometer. 

[0019] Furthermore, the reference mark plate FM is being fixed to the top face of Z and the leveling 
stage 20 in the height location almost equal to the front face of Wafer W. The slit mark ISy of the 
structure which has arranged two or more transparency mold slits extended in the direction of X, 
respectively as shown in this reference mark plate FM at drawing 2 (a) at constant pitch in the 
direction of Y, the slit mark ISa extended aslant is formed in the direction which the direction of X 
and the direction of Y look like [ the slit mark ISx of the structure arranged at constant pitch in the 
direction of X ] two or more transparency mold slits extended in the direction of Y, respectively, 
receives, and becomes 45 degrees. These slit marks ISx, ISy, and ISa vapor-deposit a chromium 
layer (protection-from-light layer) all over the front face of die reference mark plate FM made from a 
quartz, and engrave it there as area pellucida. 

[0020] Under return and the reference mark plate FM (interior of Z and the leveling stage 20), the 
injection edge of a mirror Ml, the objective lens 50 for lighting, and an optical fiber 51 is prepared, 
it is condensed by drawing 1 with an objective lens 50, and the illumination light from the injection 
edge of an optical fiber 51 irradiates both the slit marks ISx, ISy, and ISa on the reference mark plate 
FM from a background at it. A beam splitter 52 is formed in incidence one end of an optical fiber 51, 
and the illumination light IE for exposure is introduced into an optical fiber 5 1 through a lens system 
53. Although it is desirable to obtain from the light sources for the lighting of Reticle R (a mercury 
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lamp, excimer laser, etc.) as for the illumination light IE, the light source of dedication may be 
prepared independently. However, when making it another light source, it is necessary to make it the 
illumination light of the same wavelength as the illumination light for exposure, or the wavelength 
very near it. 

[0021] Moreover, the lighting conditions of the reference mark plate FM by the objective lens 50 are 
doubled with the lighting conditions in the projection optics PL at the time of pattern projection as 
much as possible, namely, the numerical aperture (N.A.) of the illumination light by the side of the 
image of projection optics PL and the numerical aperture (N.A.) of the illumination light from the 
objective lens 50 to the reference mark plate FM ~ about — it is made to do one Now, with such a 
configuration, if the illumination light IE is introduced into an optical fiber 51, from the slit marks 
ISx, ISy, and ISa on the reference mark plate FM, the image flux of light which carries out incidence 
to projection optics PL will occur. In drawing 1 , the location of the optical-axis AX direction of Z 
and the leveling stage 20 shall be set up so that the front face of the reference mark plate FM may be 
slightly located caudad from the best image formation side (conjugation side with a reticle) Fo of 
projection optics PL. It passes along the core of the pupil surface EP of projection optics PL, after 
condensing in the field [ side / of Reticle R / pattern ] Fr below shifted slightly, it emits, and the 
image flux of light LI generated from one on the reference mark plate FM at this time returns the 
original optical path, after reflecting in respect of the pattern of Reticle R. Field Fr is optically 
located with the reference mark plate FM about projection optics PL here in a location [ **** ]. It 
returns so that the image flux of light from the slit marks ISx, ISy, and ISa of the reference mark 
plate FM may reflect regularly that projection optics PL is both-sides telecentric system on the 
inferior surface of tongue (pattern side) of Reticle R and it may superimpose on the slit marks ISx, 
ISy, and ISa again. 

[0022] However, if the reference mark plate FM has shifted from the image formation side Fo like 
drawing 1 When the reflected image to which each slit marks ISx, ISy, and ISa faded is formed on 
the reference mark plate FM and the reference mark plate FM is in agreement with the image 
formation side Fo Field Fr will also be in agreement with the pattern side of Reticle R, and on the 
reference mark plate FM, the sharp reflected image of each slit marks ISx, ISy, and ISa will be 
overlapped on each mark, and will be formed. Drawing 2 (b) expresses typically the relation of the 
slit mark ISx and a reflected image IMx when the reference mark plate FM has defocused. It is 
projected on the both-sides tele cent slit mark ISx whose reflected image IMx is an own source in 
this way in the rucksack projection optics PL. And if the reference mark plate FM has defocused, a 
reflected image IMx will become larger than the geometry of the slit mark ISx, and the illuminance 
per unit area will also fall. 

[0023] Then, the flux of light of the image part which was not shaded by the original slit marks ISx, 
ISy, and ISa among the reflected images made on the reference mark plate FM is led to an optical 
fiber 51 through a mirror Ml and an objective lens 50, and the flux of light injected from the optical 
fiber 51 is received by the photoelectrical sensor 55 through a beam splitter 52 and a lens system 54. 
The light-receiving side of the photoelectrical sensor 55 is arranged in the pupil surface (Fourier 
transform side) EP of projection optics PL, and the location [ **** / almost ]. In the configuration of 
drawing 1 , the contrast signal for determining the image formation side of projection optics PL can 
be acquired only by moving Z and the leveling stage 20 in the vertical direction (Z direction). 
[0024] Drawing 3 (a) and (b) express the signal level property of the output signal KS of the 
photoelectrical sensor 55, respectively, and an axis of abscissa expresses the location of the Z 
direction of Z and the leveling stage 20, i.e., the height location of the optical-axis AX direction of 
the reference mark plate FM. Moreover, drawing 3 (a) shows signal level when back projection of 
the slit marks ISx, ISy, and ISa is carried out to the chromium part within the pattern side of Reticle 
R, and drawing 3 (b) shows signal level when back projection of these slit mark is carried out to the 
square within a pattern side (transparence part), usually, the chromium part of a reticle is vapor- 
deposited by the glass (quartz) plate by the thickness of about 0.3-0.5 micrometers, and the reflection 
factor of a chromium part is alike [ from the reflection factor of a square ] with a natural thing, and 
large, however, the reflection factor in a square — perfect — zero — ************** — since — 
although it becomes quite small as signal level like drawing 3 (b), a square is also possible for 
detection. Moreover, generally, since the reticle for real device manufacture has the high pattern 
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consistency, it is thought that there are very few probabilities which require all the back projection 
images of the slit marks ISx, ISy, and ISa for the square in a reticle pattern (transparence part) at 
coincidence. 

[0025] in the case of which, carry out — if it is moved in the direction of an optical axis AX so that 
the front face of the reference mark plate FM may cross the best image formation side Fo — location 
Z0 of a Z direction The level of an output signal KS serves as the maximal value. Therefore, the 
location and output signal KS of a Z direction of Z and the leveling stage 20 are measured to 
coincidence, the location of the best image formation side Fo can be found by detecting the location 
of a Z direction when the level of an output signal KS becomes the maximum, and, moreover, it 
becomes detectable [ the best image formation side Fo ] by this detection method in the location of 
the arbitration in Reticle R. Therefore, if Reticle R is set to the body side of projection optics PL, is 
clear and is, a focal location (the best image formation side Fo) is measurable absolutely in the 
location of the arbitration within a projection visual field at any time. Moreover, as stated previously, 
the chromium layer of Reticle R is 0.3-0.5-micrometer thickness, if the detection error of the best 
image formation side Fo produced with this thickness sets the projection scale factor of projection 
optics PL to one fifth (contraction), it will become x(0.3-0.5) (1/5) two, i.e., 0.012-0.02 micrometers, 
and most this is the value which can be disregarded. 

[0026] Next, although AF system (focal location detection system) of the oblique incidence light 
type of this example is explained with reference to drawing 4 , a multipoint AF system shall be 
adopted here. With a multipoint AF system, the point of measurement which measures a location gap 
(the so-called focal gap) of the direction of an optical axis of Wafer W is established in two or more 
[ in the projection visual field of projection optics PL ]. In drawing 4 , the nonphotosensitivity 
illumination light IL illuminates the slit plate 1 to the photoresist on Wafer W. And the light which 
passed along the slit of the slit plate 1 irradiates Wafer W aslant through a lens system 2, a mirror 3, 
diaphragm 4, the objective lens 5 for floodlighting, and a mirror 6. If the front face of Wafer W is 
located in the best image formation side Fo of projection optics PL at this time, image formation of 
the image of the slit of the slit plate 1 will be carried out to the front face of Wafer W with a lens 
system 2 and an objective lens 5. Moreover, it is set up for about 5-12 degrees being in the include 
angle on the optical axis of an objective lens 5, and the front face of a wafer, and the core of the slit 
image of the slit plate 1 is located in the point that the optical axis AX of projection optics PL 
intersects Wafer W. 

[0027] Now, the flux of light of the slit image reflected with Wafer W carries out re-image formation 
of the slit image on the slit plate 14 for light-receiving through a mirror 7, the objective lens 8 for 
light-receiving, a lens system 9, the oscillating mirror 10, and a plane-parallel plate (plane parallel) 
12. The oscillating mirror 10 makes the minute vibration of the slit image made on the slit plate 14 
for light-receiving carry out in the direction which intersects perpendicularly with the longitudinal 
direction, and the plane parallel 12 shifts the slit on the slit plate 14, and the relative relation based 
on [ of the slit image by the reflected light from Wafer W ] oscillating in the direction which 
intersects perpendicularly with the longitudinal direction of a slit. And the oscillating mirror 10 
vibrates by the mirror mechanical component (M-DRV) 1 1 driven with the driving signal from an 
oscillator (OSC) 16. 

[0028] In this way, if a slit image vibrates on the slit plate 14 for light-receiving, the flux of light 
which penetrated the slit plate 14 will be received by the array sensor 15. This array sensor 15 
divides the longitudinal direction of the slit of the slit plate 14 into two or more minute fields, the 
light-receiving pixel according to individual is arranged for every minute field, and a silicon 
photodiode or a photo transistor is used as an optoelectric transducer, the signal from each light- 
receiving pixel of the array sensor 15 — the selector circuit 13 — minding — selection — or grouping 
is carried out and the synchronous-detection circuit (PSD) 17 is supplied. The AC signal of the same 
phase as the driving signal from an oscillator 16 is supplied to this synchronous-detection circuit 17, 
and synchronous detection is performed on the basis of the phase of this AC signal. 
[0029] In order to carry out the synchronous detection of each output signal of two or more light- 
receiving pixels with which the synchronous-detection circuit 17 was chosen from the array sensors 
15 at this time according to an individual, it has two or more detector circuits, and each of that 
detection output signal FS is supplied to the main control unit (MCU) 30. Each detection output 
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signal FS is called the so-called S curve signal, when the slit core of the slit plate 14 for light- 
receiving and the oscillating core of the reflective slit image from Wafer W are in agreement, it 
serves as zero level, and while Wafer W is displacing from the condition to the upper part and 
forward level and Wafer W are displacing caudad, it is set to negative level. Therefore, the height 
location of the exposure side (for example, front face) of the wafer W in case the detection output 
signal FS is set to zero level is detected as a focusing point. However, guarantee that it is surely in 
agreement with the best image formation side Fo always does not have the height location of the 
wafer W which became a focusing point (the detection output signal FS is zero level) by such 
oblique incidence method. That is, guarantee that continue at a long period of time and it is in 
agreement although it is set up by imagination datum level and the best image formation side Fo so 
that the detection output signal FS from the synchronous-detection circuit 17 may be set to zero level 
when it has the imagination datum level decided by the system itself by the oblique incidence 
method and the exposure side of Wafer W is in agreement with the imagination datum level, and it 
may be in agreement as much as possible at the time of equipment manufacture etc. **s. Then, 
coincidence (or convention of physical relationship) with the imagination datum level and the best 
image formation side Fo can be aimed at by leaning the plane parallel 12 in drawing 4 under control 
by the main control unit 30, and making the variation rate of the imagination datum level carry out in 
the optical-axis AX direction. 

[0030] Moreover, the main control unit 30 inputs the output signal KS from the photoelectrical 
sensor 55 of drawing 1 . The function which carries out the calibration of the multipoint AF system 
of an oblique incidence method, the function to set up the inclination of the plane parallel 12, The 
function which outputs a command signal DS to the mechanical component (Z-DRV) 1 8 which 
drives the motor 19 for a drive of Z and the leveling stage 20 based on each detection output signal 
FS of a multipoint AF system, And it has the function which controls the mechanical component (a 
motor and its control circuit are included) 22 for driving X-Y stage 21. 

[0031] Drawing 5 is drawing which looked at the physical relationship of the projection visual field 
If of projection optics PL, and slit image ST from a multipoint AF system on the front face of Wafer 
W. Generally the projection visual field If is circular, and the shot field SA where the pattern image 
of pattern space PA of Reticle R is projected serves as a rectangle contained in [ the ] circular, the X- 
axis which is also a migration axis of coordinates of X-Y stage 21, and a Y-axis boil slit image ST, 
respectively, it receives, is leaned about 45 degrees, and is projected on Wafer W. Therefore, the 
projection to the wafer W of both the opticals axis AFx of the objective lens 5 for floodlighting and 
the objective lens 8 for light-receiving is extended in the direction which intersected perpendicularly 
with slit image ST. Furthermore, it is determined that the core of slit image ST is mostly in 
agreement with an optical axis AX. With such a configuration, slit image ST is set up so that it may 
be extended in the shot field SA as for a long time as possible. 

[0032] Generally the circuit pattern which has irregularity according to the exposure process till then 
etc. is formed in the shot field SA. In this case, whenever it passes through the process of device 
manufacture, the variation of the condition of that irregularity may increase, and also in the 
longitudinal direction of slit image ST, the condition of that irregularity may change a lot. When 
arranging two or more chip patterns in one shot field especially, the scribe line for separating each 
chip pattern will be extended and formed in the direction of X, or the direction of Y in a shot field, 
and the level difference of 2 micrometers or more may arise in the case of being extreme, between 
the point on a scribe line, and the point on a chip pattern. Since the shot array on a design, the chip 
size in a shot, etc. show beforehand in which part in slit image ST a scribe line is located, it can be 
recognized the reflected light from any of a circuit pattern or a scribe line the reflected light from the 
part of the arbitration of the longitudinal direction of slit image ST is. 

[0033] Drawing 6 shows the condition of having separated the slit plate 14 for light-receiving, and 
the array sensor 15, and in this drawing 6 , on a glass substrate, the slit plate 14 vapor-deposits a 
chromium layer (light-shielding film) on the whole surface, and forms a transparent slit by etching at 
that part. This slit plate 14 is fixed on maintenance frame 14A, and on printed circuit board 15 A, 
such as ceramics which holds the array sensor 15 for this maintenance frame 14A, **** for example, 
of un-illustrating is used, and it fixes. The slit of the slit plate 14 becomes the array and parallel of 
the single dimension of the array sensor 15 of a light-receiving pixel, and is stuck by this. Thus, 
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although it made it better for the slit plate 14 and the array sensor 1 5 to stick or approach as much as 
possible, they may establish an image formation lens system between the slit plate 14 and the array 
sensor 15, and may make conjugate optically the slit plate 14 and the array sensor 15. In addition, 
although the die length on the wafer W of slit image ST shown by previous drawing 6 changes also 
with diameters of the projection visual field If, when the diameter of the projection visual field If is 
around 32mm, it is desirable [ die length / the scale factor of projection optics PL is 1/5 
(contraction), and ] to make it 1 time -1 of the diameter of the projection visual field If / about 3 
times. 

[0034] Now, drawing 7 shows an example of the concrete circuitry of the array sensor 15, the 
selector circuit 13, the synchronous-detection circuit 17, and the main control unit 30, in this drawing 
7 , the selector circuit 13 consists of five selector circuits 13A-13E, and the synchronous-detection 
circuit 17 also consists of five synchronous-detection circuits 17A-17E. And the light-receiving pixel 
of the array sensor 15 is divided into five group Ga-germanium, and one light-receiving pixel is 
chosen from the inside of each group by the selector circuit 13, respectively. In this case, group Ga- 
germanium detects the slit image before and behind five measure points P1-P5 which met slit image 
ST of drawing 5 , respectively. Moreover, in the selector circuits 13A-13E, the detecting signal of 
the light-receiving pixel which receives the slit image on a measure point PI - P5 shall be chosen as 
an example here. 

[0035] Concretely, in the group Ga of the light-receiving pixel of the array sensor 15, two or more 
light-receiving pixels are contained, the light-receiving pixel which detects the image on a measure 
point PI within these hght-receiving pixel by selector circuit 13A is chosen in drawing 7 , and the 
output signal of this light-receiving pixel is supplied to synchronous-detection circuit 17 A. In 
addition, selector circuit 13A chose as arbitration two adjoined in [ other than the function to choose 
one of the light-receiving pixels in Group Ga of arbitration and to send the output signal to 
synchronous-detection circuit 17A ] Group Ga, or three light-receiving pixels, and is equipped also 
with the function to send the signal adding those output signals to synchronous-detection circuit 
17 A. Similarly, the output signal from each light-receiving pixel in group Gb-germanium is also 
chosen within selector circuit 13B - 13E, respectively, and the selected output signal is supplied to 
the synchronous-detection circuits 17B-17E, respectively. 

[0036] The synchronous-detection circuits 17A-17E receive the fundamental- wave AC signal from 
an oscillator 16, respectively, and output detection output signal FSa-FSe. These detection output- 
signal FSa-FSe is changed into digital data, respectively by analog-to-digital converter (ADC) 3 OA 
in the main control unit 30, and is supplied to amendment operation part 30B and deflection 
detecting-element 30C. While the data (the data of concavo-convex distribution of an exposure side 
and a concavo-convex level difference are included) about the process structure of the wafer 
concerned are also supplied from exposure process-data storage section 30F, the offset value for 
signal proofreading is also supplied to amendment operation part 3 0B from storage section 30D. And 
as an example, based on the value of focal gaps of five detection output signals, i.e., the amount of 
five on a wafer, the data about a process structure, etc., amendment operation part 30B computes the 
detection output value corresponding to the target position in the Z direction of each measure point 
on a wafer, and supplies the value to deflection detecting-element 30C. This deflection detecting- 
element 30C detects the deflection of the output value from amendment operation part 30B, and the 
detection output value from ADC30A, and supplies the command signal DS which lessens this 
deflection to the mechanical component 18 of drawing 4 . 

[0037] More concretely, a mechanical component 18 is controlled by deflection detecting-element 
30C with a least square method so that the sum of squares of the deflection of the detection output 
signal and detection output signal FSa-FSe from ADC30A which are made into the target from 
amendment operation part 30B, for example becomes min. Thereby, the location of the Z direction 
of Z and the leveling stage 20 and a tilt angle are controlled, and a focus is performed so that the 
average field of the measure points P1-P5 of drawing 5 may agree in the image formation side of 
projection optics PL. 

[0038] In addition, in drawing 5 , since measure points P1-P5 are arranged on 1 straight line, the tilt 
angle controlled is only a tilt angle centering on a straight line perpendicular to slit image ST on the 
front face of Wafer W. for controlling the biaxial surrounding tilt angle biaxial and the front face on 
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Wafer W cross at right angles — these measure points P1-P5 — two-dimensional — arranging (for 
example, it forming so that two or more pattern images may be put in order in parallel or it may be 
made to cross mutually) — or what is necessary is to scan the shot field S A on Wafer W in the 
predetermined direction to slit image ST like the after-mentioned, and just to measure height 
distribution on the whole surface of the shot field SA 

[0039] Moreover, in drawing 7 , the offset value beforehand memorized by storage section 30D is 
measured by calibration-value decision section 30E, and is computed, and calibration-value decision 
section 30E asks for the deflection of the imagination datum plane and the imagination best focus 
side Fo of a multipoint AF system as a deflection electrical potential difference from the zero level 
on a detection output from the output signal KS of five detection output signal FSa-FSe and the 
photoelectrical sensor 55. In calibration-value decision section 30E, an analog-to-digital converter, 
wave memory, etc. for carrying out the digital sampling of each level and Signal KS (referring to 
drawing 3 ) of five detection outputs at coincidence are contained. 

[0040] With reference to drawing 9 , the concrete example of a configuration of calibration-value 
decision section 30E is explained here. First, absolutely, the output signal KS from the 
photoelectrical sensor 55 of a focal detection system is inputted into an analog-to-digital converter 
(ADC) 300, is changed into the digital value corresponding to the signal level of a TTL (through 
THE lens) method, and is memorized by RAM301 as memory. Although addressing of this RAM301 
is performed by the counter 304, each of counting of a counter 304 and conversion timing of 
ADC300 synchronizes with a clock pulse from a clock generator (CLK) 303. Similarly, one of the 
five detection output-signal FSa-FSe is supplied to ADC305 through a selecting switch 308, and the 
digital value changed here is memorized by RAM306 addressed by the counter 307. Therefore, the 
wave which changes in time [ one detection output signal which output-signal-KS(ed) and was 
chosen as RAM301,306, respectively ] is incorporated. The wave in these RAM301,306 is used as 
processed data at the time of performing smoothing, maximal value detection, etc. in the data- 
processing section 310. 

[0041] In addition, the data-processing section 310 outputs the driving signal for moving the core of 
the slit marks ISx, ISy, and ISa of drawing 2 (a) to the location of each measure point of a multipoint 
AF system to the mechanical component 22 for the X-Y stages of drawing 4 while outputting the 
signal for controlling the uniform migration to the Z direction of Z and the leveling stage 20 to a 
mechanical component 18, in order to incorporate a signal wave form to RAM301,306. 
[0042] Drawing 10 (a) shows the change property of one detection output signal FS, and when it is 
fixed within the limits which includes a best focus side in a Z direction and uniform migration of Z 
and the leveling stage 20 is carried out, it corresponds to the data point stored in RAM306. 
Moreover, drawing 10 (b) expresses the wave of the signal KS then stored in RAM301. Since a 
synchronous-detection signal becomes a wave almost symmetrical with a point centering on a zero 
point, about the data of negative level smaller than a zero point, it also takes negative level into 
consideration and analog-to-digital conversion is carried out. 

[0043] It is Tl the time of the data-processing section 310 analyzing the wave, since the wave of the 
signal KS which takes the maximal value shown in drawing 10 (b) in RAM301 of drawing 9 was 
stored in the address corresponding to time amount t, and the maximum point being acquired. It asks. 
Next, the data-processing section 310 is Tl at the time in RAM306. It asks for the corresponding 
address point and level deltaFS of the detection output signal FS memorized by this address point is 
calculated. In the point of measurement of the multipoint AF system which this level deltaFS is the 
offset voltage from the zero point on the detection output signal FS, and generates a detection output 
like this drawing 10 (a), when the wafer front face in that point of measurement is moved to a Z 
direction so that a detection output may be set to +deltaFS, that wafer front face and best focus side 
Fo will agree. 

[0044] By the way, when using the circuit of drawing 9 , X-Y stage 21 of drawing 4 is moved, and it 
is positioned so that the core of the slit mark on the reference mark plate FM may come to any one 
location of each point of measurement of a multipoint AF system. The positioning does not need to 
be so strict and the point of measurement and the slit mark center of group of a multipoint AF system 
may shift in the direction of X, and the direction of Y around 100 micrometers. Therefore, if the 
point of measurement P1-P5 of a multipoint AF system, i.e., the point of measurement in slit image 
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ST shown in drawing 5 , is decided, while shifting the location of a slit mark group in the direction 
of X, and the direction of Y in about **100 micrometers centering on those point of measurement, it 
may shake at a Z direction and you may ask for the coordinate location where the peak of Signal KS 
becomes to some extent large, moreover, although this is very small probable, all the slit mark 
groups are in agreement with the transparency section of Reticle R — being inconvenient (fall of the 
SN ratio of Signal KS) — it is for if possible avoiding. However, when performing proofreading 
actuation at a high speed, even if it does not search the coordinate location where the peak of a signal 
becomes large, it is possible to calculate offset value deltaFS in an almost equivalent precision, 
moreover, the offset value — each point-of-measurement PI - it asks for every P5. 
[0045] Thus, offset value BFa-BFe, the value, i.e., the best image formation side, of detection output 
signal FSa-FSe in case each measure points P1-P5 of drawing 5 agree in the location of the best 
image formation side by projection optics PL in a Z direction, respectively, is calculated. In drawing 
5 , also in case a detection output signal is searched for in the measure point which scans the shot 
field SA to slit image ST for example, in the direction of X, and is distributed all over the shot field 
SA, the offset value in each measure point is which value in offset value BFa-BFe which made such 
and was calculated. 

[0046] Next, with reference to drawing 5 , drawing 8 , drawing 11 , and drawing 12 , it explains per 
example of the focus and exposure actuation in this example. In this case, offset value BFa-BFe of 
an image formation side to the imagination datum level of the value of detection output signal FSa- 
FSe at the time of making each measure points P1-P5 of drawing 5 focus to the image formation side 
of projection optics PL, respectively, i.e., a multipoint AF system, shall be beforehand measured as a 
premise. In addition, if the angle of rotation of the plane parallel 12 of drawing 4 is adjusted, since 
these offset value BFa-BFe can be set to about 0, these offset value BFa-BFe is a value near 0 also 
here. Moreover, the run side of the Z and the leveling stage 20 at the time of driving X-Y stage 21 
and the best image formation side of projection optics PL consider substantially that it is parallel. 
[0047] First, in step 101 of drawing 1 1 , as an X-Y stage is driven and it is shown in drawing 5 , it 
moves in the center section of the shot field SA for measurement (candidate for exposure) on the 
projection field of slit image ST from an oblique incidence multipoint AF system. Then, in step 102, 
an automatic focus is performed in the measure point P3 of the core of slit image ST. That is, the 
height of the Z direction of Z and the leveling stage 20 is adjusted so that the detection output signal 
FSc corresponding to a measure point P3 may become the offset value BFc of the best image 
formation side, and Z and the leveling stage 20 are locked in this condition. Therefore, the height of 
Z and the leveling stage 20 and a tilt angle are fixed until measurement is completed after this. Thus, 
an automatic focus is once performed for preventing that distribution of the irregularity in the shot 
field SA separates from the detection range of a multipoint AF system. 

[0048] However, in this example, when the flat surface used as datum level is located in the interior 
of shot field SA, or near instead of performing an automatic focus in the measure point P3 of the 
core of slit image ST in step 102, an automatic focus may be performed at this flat surface. The 
measure point at this time does not need to be P3, and may choose the measure point nearest to this 
flat surface. Moreover, you may make it determine the measure point which should perform an 
automatic focus using an exposure process data. In short, it is not necessary to be a measure point 
P3, and when scanning a wafer by slit image ST of a multipoint AF system, it is good, if the amount 
of gaps of the focal location detected by the multipoint AF system does not separate from the 
detection range (decided by S curve) even if it is a point of what in the scanning zone. 
[0049] Next, in step 103, X-Y stage 21 is driven, after making the measurement starting position SB 
of a near side move in the direction of -X of slit image ST in the shot field SA as shown in drawing 
5 , in step 104, X-Y stage 21 is driven, the shot field SA is scanned in the direction of X to slit image 
ST, and each detection output signal FSa-FSe is stored in the memory in amendment operation part 
30B. Under the present circumstances, since the coordinate of X-Y stage 21 is measured by the laser 
interferometer, it should just store sequential detection output signal FSa-FSe in the address 
corresponding to the coordinate measured with a laser interferometer within that memory. Then, in 
step 105, the process level difference in the shot field SA is classified based on obtained detection 
output signal FSa-FSe (it is the signal of time series, respectively). 

[0050] Concretely, drawing 8 (a) shows a certain cross section in that shot field SA on Wafer W, and 
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measure points P1-P5 are set up on this cross section. In addition, the photoresist is omitted although 
the photoresist is applied on Wafer W in fact. In drawing 8 (a), if each measure points P1-P5 come 
on the imagination datum level 41 of a multipoint AF system, corresponding detection output signal 
FSa-FSe will be set to 0, respectively. Moreover, the best image formation side 42 of projection 
optics PL is made into a certain thing from which it has separated the grade from the imagination 
datum level 41 . In this case, on Wafer W, the circuit pattern of two or more layers is already formed, 
and that front face serves as irregularity according to it. Therefore, if the detection output signal 
acquired in each measure points P1-P5 is made into FSa-FSe, the value of these detection output 
signal is also a value according to the irregularity. 

[0051] For example, if measure points PI and P2 shall be located on pattern space 40 A of the heights 
on Wafer W, a measure point P3 shall be located on pattern space 40B of a crevice and measure 
points P4 and P5 shall be located on pattern space 40C of heights, the value of the detection output 
signal FSc in a measure point P3 will become the smallest. Amendment operation part 30B of 
drawing 7 of this example searches for concavo-convex distribution of the shot field concerned using 
this by asking for the difference of the detection output signal corresponding to the adjoining 
measure point. Moreover, to amendment operation part 30B, since the data about a process structure 
are also supplied from exposure process-data storage section 30F, amendment operation part 30B 
can discriminate the pattern spaces 40A-40C in which measure points P1-P5 are located from the 
comparison with the process structure from the concavo-convex distribution searched for as 
mentioned above. 

[0052] Thereby, it is distinguished to any each pattern spaces 40A-40C shall belong between the 
memory cell section, the circumference circuit section (logic section), or a scribe line. Moreover, 
amendment operation part 3 0B is the level difference ZA of each pattern spaces 40A and 40C, and 
the level difference ZB of pattern space 40B from the supplied data. It can recognize. Although these 
level differences are the height from a part without the circuit pattern of Wafer W, only the 
difference of these level differences poses a problem like the after-mentioned. 
[0053] moreover, the difference during said adjoining measure point — the level difference by the 
difference in the pattern consistency in each level difference field etc. can be known from the level 
difference information acquired with data by asking for distribution etc. about the detection output 
signal in each level difference field (dispersion). It can also ask for the measure point stabilized 
before and after measure points P1-P5 by this. Next, in step 106, the field of a part [ a part ] to make 
it focusing on the shot field SA is determined as focus datum level. For example, let pattern space 
40B be focus datum level in drawing 8 (a) as that by which a pattern with the narrowest line breadth 
is exposed on pattern space 40B in which a measure point P3 is located. However, it is possible also 
when making the largest (area is large) pattern space (for example, pattern space 40A) in the shot 
field SA into focus datum level. What is necessary is for a focus datum plane to follow, and to 
choose and just to determine it as the priority (for it to become settled according to pattern line 
breadth, a pitch, etc.) of the focus for every pattern space in a shot field. 

[0054] Then, it asks for offset value delta a-delta e to detection output signal Fa-Fe in measure points 
P1-P5 in step 107. In drawing 8 (a), when the transform coefficient to the variation rate from a 
detection output signal to a Z direction is set to k, offset value deltac to the detection output signal Fc 
in the measure point P3 on pattern space 40B which is focus datum level is 0. Moreover, the offset 
values delta a, delta b, delta d, and delta e over the detection output signals Fa, Fb, Fd, and Fe in 
measure points PI, P2, P4, and P5 are set to /k, respectively (ZA-ZB). 

[0055] Next, in step 108, amendment operation part 30B adds offset value delta a-delta e for which 
offset value BFa-BFe of the detection output signal in the best image formation side 42 of drawing 8 
(a) was asked at step 107. This is equivalent to changing into best image formation side 42 A 
containing an imagination level difference as shows the best image formation side 42 shown as a 
continuous line by the dotted line, and makes pattern spaces 40A-40C focus to the imagination best 
image formation side 42A. 

[0056] That is, in step 109, amendment operation part 30B supplies the detection output signal of 
imagination best image formation side 42A, i.e., (BFa+deltaa), (BFe+deltae) to deflection 
detecting-element 30C. Moreover, detection output signal Fa-Fe corresponding to the actual pattern 
spaces 40A-40C is supplied to deflection detecting-element 30C on real time. Then, deflection 
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detecting-element 30C supplies a driving signal with which the sum of squares of deflection with 
offset - (BFe+deltae) and value (BFa+deltaa), and detection output signal Fa-Fe becomes min using 
a least square method as opposed to the mechanical component 18 Z and for leveling stage 20. 
Thereby, as shown in drawing 8 (b), pattern space 40B which is focus datum level agrees in the 
actual best image formation side 42. Then, a pattern with the narrowest line breadth is exposed in 
high resolution by exposing at step 110. 

[0057] You may make it shift focus datum level to a Z direction seemingly, when offset value delta 
a-delta e can exceed the depth of focus in the above-mentioned step 107 although pattern spaces 40A 
and 40C other than pattern space 40B are set up in the depth of focus of projection optics at this time 
so that weighting may be performed for example, to offset value delta a-delta e and pattern spaces 
40A and 40C may enter in the depth of focus. This is applicable also when the whole surface of a 
shot field is contained in the depth of focus. Moreover, focus datum level (pattern space 40B) may 
be shifted so that pattern spaces 40A and 40C may enter in the width of face of the depth of focus 
simply. 

[0058] In addition, in the above-mentioned example, since it was the method which compares 
desired value with an actual detection output signal by deflection detecting-element 30C as shown in 
drawing 7 , offset value delta a-delta e of a level difference was added to the best image formation 
side 42 which is desired value. However, what is necessary is just to deduct these offset value delta 
a-delta e from an actual detection output signal, when taking the method which carries out offset 
amendment to an actual detection output signal in drawing 7 , and is supplied to deflection detecting- 
element 30C. 

[0059] In addition, the detection output signal in the measure point distributed all over the shot field 
SA of drawing 5 is acquired in fact, and concavo-convex distribution on the whole surface of the 
shot field SA is identified. However, the detection output signal supplied on real time from ADC30A 
in drawing 7 is only a detection output signal of five on slit image ST of drawing 5 . Moreover, 
amendment of the surrounding tilt angle of a shaft parallel to slit image ST only by using the data on 
slit image ST cannot be performed. Then, amendment of the tilt angle of the surrounding wafer W of 
a shaft parallel to the slit image ST is performed with open-loop as an example. That is, by scanning 
the shot field SA to slit image ST, as shown in drawing 8 (a), the imagination detection output signal 
of best image formation side 42 A and the detection output signal in an actual pattern space are 
searched for. Then, beforehand, it asks for the controlled variable of the mechanical component 1 8 of 
drawing 4 , and the relation of the tilt angle of Z and the leveling stage 20, and only the amount 
which negates the difference of the detection output signal in an actual pattern space and the 
detection output signal of imagination best image formation side 42A controls the tilt angle of Z and 
the leveling stage 20. The pattern space by which the pattern with the narrowest line breadth 
distributed all over the shot field S A of drawing 5 is exposed by this by open loop control focuses to 
the best image formation side of projection optics PL as a whole. 

[0060] In addition, as step 104A shows, whenever it makes stepping of X-Y stage 21 carry out in the 
direction of X at constant pitch and the X-Y stage 21 stops, you may make it store detection output 
signal Fa-Fe in MOMERI at the constant pitch in step 104 of drawing 1 1 . It is effective in the effect 
of fluctuation of the air accompanying a motion of X-Y stage 21 being reduced by this approach. 
[0061] Moreover, instead of actuation of step 101-102 of drawing 1 1 , even if [ like steps 111 and 
1 12 of drawing 12 ], it is good. That is, at this step 111, X-Y stage 21 is driven first, and as shown in 
drawing 5 , the shot field SA is moved to the measurement starting position SB. Then, in step 112, 
an automatic focus is performed in the measure point P3 of the center of slit image ST of drawing 5 , 
and the focal location of Z and the leveling stage 20 is locked. Then, it shifts to step 104 of drawing 
11 , or 104 A, and the detection output signal in the whole surface of the shot field SA is sampled. 
Subsequent processing is the same as actuation of drawing 1 1 . In the sequence of this drawing 12 , 
there is no futility in actuation of the wafer stage 21, and measurement is performed efficiently. 
[0062] In addition, in the above-mentioned example, it was considered that the run side of the Z and 
the leveling stage 20 at the time of driving X-Y stage 21 in drawing 4 and the best image formation 
side of projection optics PL were almost parallel. On the other hand, when the run side of Z and the 
leveling stage 20 and the image formation side of projection optics PL are not parallel, the following 
amendment actuation is needed. That is, it is made to have in the memory in amendment operation 
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part 30B by making deflection (an image surface inclination, curve, etc.) of the run side of the Z and 
the leveling stage 20 when driving X-Y stage 21, and the image formation side of projection optics 
PL into an equipment constant. Since the detection output signal searched for by the approach of step 
104 of drawing 11 in this case shows the measurement result on the basis of the run side of Z and the 
leveling stage 20, it should just add the amount of deflection with the image formation side 
memorized as an equipment constant to that measurement result. 

[0063] Moreover, although concavo-convex distribution is searched for in one shot field SA on 
Wafer W in the above-mentioned example as shown in drawing 5 , the concavo-convex distribution 
in each shot field on a wafer may be searched for from the comparison with the result and process 
structure which performed the same measurement, equalized the acquired detection output signal, 
and were equalized and obtained in some of (one or more) other shot fields on Wafer W. Thereby, 
the effect of the spreading unevenness of a photoresist etc. is mitigated. 
[0064] Next, although location detection of a Z direction was performed in the shot field SA 
predetermined [ on Wafer W ] in the above-mentioned example as shown in drawing 5 , location 
detection of a Z direction may be performed all over Wafer W in the pitch of 1 for an integer of the 
array pitch of for example, a shot field, concrete — the array pitch to the direction of X of a shot field 
— PX it is ~ if — spacing of focal location measurement in the direction of X serves as PX/N using 
two or more integers N. At this time, output change of the detection output signal from a multipoint 
AF system is repeated the same period as the array pitch of a shot field. 

[0065] In this case, when foreign matters, such as dust, are in the exposure side of a wafer or a wafer 
has form status change-ization by curvature etc., output change of the multipoint AF system in that 
shot field differs from output change in other shot fields. Then, it is desirable to compute 
independently the amount of offset of the detection output signal over focus datum level to the shot 
field where the deflection from the average of the value which sampled the detection output signal 
with the period corresponding to the array pitch of a shot field has become beyond a predetermined 
** value. Moreover, to the shot field where the effect of such a foreign matter, curvature, etc. is 
expressed, assistant processing (operator call) etc. may be processed as warning or an error. 
[0066] Next, in the above-mentioned example, the location (focal location) of the Z direction of the 
exposure side of Wafer W is measured from the detection output signal FS which changes in the 
shape of an S curve. The curve 44 of drawing 13 showed an example of that detection output signal 
FS, and was asking for the location of a Z direction from the detection output signal FS in this 
drawing 13 using the section which can be mostly approximated in a straight line 45 among curves 
44 conventionally. However, now, there is un-arranging [ that the location detection range of a Z 
direction is narrow ]. Then, in order to make the location detection range large, it is desirable to 
make memory memorize the detection output signal FS when moving Z and the leveling stage 20 of 
drawing 4 to a Z direction by migration pitch deltaZ (for it to measure about each of FSa-FSe in 
fact), namely, to ask for the curve 44 of drawing 13 in approximation. In this case, the value of the 
detection output signal FS is memorized to the location of a Z direction. 

[0067] And if the value of the detection output signal FS is Vi in case location measurement of a Z - 
direction is actually performed, it is the location Zi of a curve 44 to a Z direction. It asks correctly. 
On the other hand, when a curve 44 is approximated in a straight line 45, a detection output signal is 
Vi. The location of the Z direction at the time is Zh. It becomes and an error arises. Next, based on 
the actual measurement result, the tilt angle of Z and the leveling stage 20 is controlled by the above- 
mentioned example. However, since the tilt angle to the run side of X-Y stage 21 of the image 
formation side of projection optics PL is known beforehand, the tilt angle may be performed 
beforehand on Z and the leveling stage 20. Thereby, when location detection of a Z direction is 
performed by the multipoint AF system, the amount of gaps of a tilt angle decreases and the offset 
value computed for every measure point becomes small. Therefore, while the time amount which a 
focus takes is shortened, focus precision also improves. 

[0068] Moreover, in the above-mentioned example, the tilt angle of the plane parallel 12 arranged at 
the light-receiving system of a multipoint AF system as shown in drawing 4 can adjust now the 
physical relationship of the imagination datum level of a multipoint AF system, and the best image 
formation side. It means that the offset value in which this appears common to detection output 
signal FSa-FSe is also removable with the tilt angle of the plane parallel 12. 
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[0069] However, since there are few amounts of amendments what formed the plane parallel 12 only 
in the light-receiving system side, plane parallel may be arranged also to a light transmission system 
side. Thus, by amending an image formation location by the plane parallel of two sheets, the amount 
of amendments of an image formation location can be enlarged. And a location gap of the light-and- 
darkness pattern on a wafer can also be amended by putting in and amending plane parallel to the 
both sides of a light transmission system and a light-receiving system. 

[0070] In addition, if plane parallel is arranged in the light transmission system of a multipoint AF 
system, for example, common offset amendment is performed using this plane parallel at step 109 of 
drawing 11 , a location gap of slit image ST on Wafer W will arise in the time of measuring a 
detection output signal at step 104, and the time of measuring a detection output signal at step 109. 
Then, what is necessary is to measure beforehand the amount of location gaps of slit image ST on 
the wafer W to the tilt angle of plane parallel, and just to amend the amount of offset added to the 
offset value of the best image formation side at step 109 corresponding to each measure point based 
on that amount of location gaps measured beforehand, in order to reduce the effect of this location 
gap. 

[0071] Next, in the above-mentioned example, as shown in drawing 5 , slit image ST for location 
detection of a Z direction is aslant projected in the direction of the diagonal line to the shot field SA 
on Wafer W, and five on this slit image ST are chosen as measure points P1-P5. On the other hand, 
as shown in drawing 14 , on the shot field SA, the measure points PI 1, PI 2, — , P74 of N individual 
(at drawing 14 , N is 25) may be set up in the direction of X, and the direction of Y two-dimensional 
in a predetermined pitch, and the pattern image for focal detection may be projected at these measure 
points, respectively. In this case, when the number of the photo detector (light-receiving pixel) which 
receives each pattern image also turns into the same number as a measure point, for example, it 
adopts a synchronous-detection method, it is difficult to process the photo-electric-conversion signal 
of the pattern image from all measure points in parallel. Using the selector circuits 13A-13E as 
shown in drawing 7 , every five photo-electric-conversion signals are chosen from the photo-electric- 
conversion signal of these N individual, and it may be made to perform a synchronous detection 
there in time sharing. Circuitry is simplified by such time-division system. 
[0072] Moreover, you may make it project aslant the pattern image of the shape of a grid of a 
predetermined pitch on a wafer instead of projecting a slit image, although focal detection is 
performed. In this case, using the reflected light from that wafer, re-image formation of the pattern 
image of the shape of that grid is carried out on an image sensor two-dimensional [, such as two- 
dimensional CCD, ], and the amount of location gaps to the Z direction in respect of exposure of the 
wafer which corresponds from the amount of strike slips of the image by which re-image formation 
was carried out is calculated. 

[0073] Moreover, the method which projects a slit image, for example, detects the location of the 
pattern image on a 1 -dimensional line sensor by which re-image formation was carried out, and 
calculates the amount of location gaps to a Z direction may be used. What is necessary is not to 
prepare the plane parallel for calibrations and just to use always electric offset by this method. 
Although what is necessary is just to set at least one measure point as each of at least two pattern 
spaces (a scribe line etc. is included) from which the height in a shot field differs Or it processes 
weighted average-ization. for example, the time of setting two or more measure points as each 
pattern space, and asking for offset value delta a-delta e — every field — two or more of the 
measurement values — statistics processing or equalization — At the time of automatic focus 
actuation, the offset searched for is given for every field at one measure point, and you may make it 
use the detection output signal in the measure point. What is necessary is in short, not to perform 
automatic focus actuation which does not need to search for the offset for every measure point, and 
doubles a shot side and an image formation side altogether in each of two or more measure points, to 
search for the offset in at least one measure point for every pattern space, and just to perform 
automatic focus actuation using the measure point concerned, when two or more measure points are 
in one pattern space. 

[0074] Next, by AF system (focal location detection system) of the oblique incidence method shown 
in drawing 4 of the above-mentioned example, the light of a nonphotosensitivity or photosensitive 
weak wavelength region is used to the photoresist on Wafer W as illumination light IL for focal 
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detection. Furthermore, in a photoresist, since the thin film interference by the flux of light which 
carries out incidence arises, when especially the flux of light is the homogeneous light, the luminous 
intensity reflected with the thickness of the photoresist may become quite weak. So, in order to 
mitigate the bad influence of the thin film interference, it is desirable to use the flux of light which 
has the bandwidth of lOOnm or more as the illumination light IL. As illumination light IL, it was 
concretely chosen from the flux of light irradiated from a halogen lamp with the wavelength 
selection filter, for example, the flux of light of a 700nm - about 900nm wavelength region can be 
used. Moreover, the 700nm - about 900nm illumination light of the area within wavelength from 
light emitting diode may be used. Furthermore, it is good also considering two or more 
homogeneous lights which mix the flux of light from two or more semiconductor laser components, 
and are acquired, for example as illumination light IL. 

[0075] However, uniformly [ distribution of the optical reinforcement to wavelength ], when a 
predetermined wavelength region or two or more waves of flux of lights are used as illumination 
light EL, when the optical reinforcement of specific wavelength is strong, there is a possibility that it 
may be influenced of thin film interference on the specific wavelength. So, in order to avoid it, as 
shown in drawing 4 , it is desirable to arrange the light filter plate 60 for equalizing distribution of 
the photo-electric-conversion signal over wavelength in front of the array sensor 15 of AF system. In 
addition, the light filter plate 60 may be arranged in any location between the light sources and the 
array sensors 15 which are not illustrated [ which generate the illumination light IL ]. 
[0076] With reference to drawing 15 , it explains per example of the property of the light filter plate 
60 concretely. First, suppose that it is a crest type as distribution of the optical reinforcement LE to 
the wavelength lambda of the illumination light IL (lambda) shows drawing 15 (a). In this case, 
distribution of the permeability T to the wavelength lambda of the light filter plate 60 (lambda) is 
mostly set as a trough type, as shown in drawing 15 (b). However, permeability T (lambda) is 
amended in consideration of the wavelength sensibility property in the array sensor 15. 
[0077] That is, the detection sensitivity (an output signal / optical reinforcement which carries out 
incidence) PSV (lambda) to the wavelength lambda in the array sensor 15 shall serve as an upward 
slant to the right, for example, as the dotted line of drawing 15 (c) shows. In this case, since 
distribution of the optical reinforcement LR to the wavelength lambda of the flux of light which 
passes the light filter plate 60 and is received by the array sensor 15 (lambda) is the product of the 
optical reinforcement LE (lambda) and permeability T (lambda), distribution of that optical 
reinforcement LR (lambda) sets distribution of permeability T (lambda) that the lower right serves as 
the property of** somewhat like the continuous line of drawing 15 (c). Since the photo-electric- 
conversion signal SR (lambda) outputted from the array sensor 15 to the flux of light of wavelength 
lambda at this time is the product of detection sensitivity PSV (lambda) and the optical 
reinforcement LR (lambda), as shown in drawing 15 (d), it serves as an almost flat property to 
wavelength lambda. Thereby, the bad influence of the thin film interference in a photoresist can be 
reduced, and level difference measurement of the front face of a wafer can be carried out to stability. 
[0078] In addition, as for this invention, it is needless to say that configurations various in the range 
which is not limited to the above-mentioned example and does not deviate from the summary of this 
invention can be taken. 
[0079] 

[Effect of the Invention] Each detecting signal [ according to this invention ] of the photoelectrical 
detection means corresponding to two or more measure points, And since an operation means to 
calculate the offset value for doubling the datum level of the focus on a substrate with the image 
surface by projection optics independently for two or more measure points of every was established 
based on the process structure of the exposure side of a substrate, It does not depend on the condition 
of the irregularity of each shot field of a substrate, but there is an advantage which can be exposed by 
doubling each exposure field (shot field) with the image formation side by projection optics in the 
optimal condition. 

[0080] Moreover, where the image of the pattern for focal detection is projected into the exposure 
field by projection optics from an incident light study system It asks for the detecting signal of a 
photoelectrical detection means to correspond, respectively in two or more measure points 
distributed the whole surface in an exposure field by driving a substrate stage and running a 
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substrate. The detecting signal of the photoelectrical detection means in two or more measure points 
when an operation means is distributed all over the, and in calculating the offset value for doubling 
the datum level of the focus on a substrate with the image surface by projection optics independently 
for two or more measure points of every based on the process structure of the exposure side of a 
substrate The optical system for focal detection of an easy configuration is used, and the condition of 
the irregularity of the whole surface of the exposure field of a substrate can be measured quickly. 
Therefore, there is an advantage which can be exposed by doubling the whole surface of the 
exposure field with the image formation side by projection optics in the optimal condition. 
Moreover, even if the display flatness of the holders (wafer holder etc.) of a substrate is bad, there is 
curvature of a substrate and a foreign matter etc. is between a substrate and a holder, the focus error 
resulting from them can also be prevented. That is, the whole surface of an exposure field can be set 
up in an image formation side, agreement, or the depth of focus. 

[0081] Furthermore, when the flux of light used in case the pattern image for focal detection is 
projected into the exposure field by projection optics from an incident light study system is made 
into the flux of light which has the bandwidth of lOOnm or more, there is an advantage by which the 
bad influence of thin film interference with the sensitive material on a photosensitive substrate 
(photoresist etc.) is mitigated. Furthermore, although the flux of light may be scattered about for it or 
diffracted by the edge section of the irregularity on the substrate etc., when the flux of light of a 
broadband is used, even if the flux of light of specific wavelength becomes weak, there will be an 
advantage which can obtain a detecting signal with an SN ratio good as a whole. 
[0082] Moreover, when the optical filter for carrying out entropy of the wavelength sensibility 
property of the flux of light used in case the pattern image for focal detection is projected on the 
optical path to [ out of an incident light study system ] two or more photoelectrical detection means 
has been arranged and the flux of light of a broadband is used, flattening of the intensity distribution 
over the wavelength of the detecting signal outputted from these photoelectrical detection means is 
carried out mostly. Therefore, height distribution of the exposure side of a substrate can be measured 
correctly, without being especially influenced by the light of predetermined wavelength. 
[0083] Next, when an operation means amends the desired value according to the height of the 
image formation side by projection optics using the offset value independently calculated for two or 
more measure points of every, focusing and leveling can be performed with high precision by 
performing a closed loop control with which the desired value after this amendment and the 
detecting signal actually obtained agree. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the detection device of the best image formation side of 
the projection optics in one example of the projection aligner by this invention which includes a 
sectional view in part. 

[Drawing 2] The expansion top view in which (a) shows the mark arrangement on the reference 
mark plate FM of drawing 1 , and (b) are the enlarged drawings showing the relation between the 
image by which re-image formation is carried out on this reference mark plate FM, and a mark. 
[Drawing 3] It is drawing showing the situation of change of the signal KS outputted from the 
detection device of drawing 1 . 

[Drawing 4] It is the block diagram showing the optical system and the control system of a 
multipoint AF system of an example. 

[Drawing 5] It is drawing showing the slit image projected into the exposure field of projection 
optics PL by the multipoint AF system of drawing 4 . 

[Drawing 6] It is the decomposition perspective view showing the relation between the slit plate 14 
in drawing 4 , and the array sensor 15. 

[Drawing 7] It is the block diagram showing the detailed configuration of the array sensor 15 in 
drawing 4 , the selector circuit 13, the synchronous-detection circuit 17, and the main control unit 30. 

[Drawing 8] It is the explanatory view of the offset value introduced by this example. 
[Drawing 9] It is the block diagram showing the example of a configuration of correction value 
decision section 30E in drawing 7 . 

[Drawing 10] It is drawing showing the relation between the detection output signal FS and Signal 
KS. 

[Drawing 11] It is the flow chart which shows an example of focal detection actuation of an 
example, and exposure actuation. 

[Drawing 12] It is the flow chart which shows the modification of actuation of drawing 1 1 . 
[Drawing 13] It is drawing showing the relation between the detection output signal FS and the 
location of a Z direction. 

(Drawing 14] It is the expansion top view showing the case where a slit image is projected on the 
measure point distributed two-dimensional on the shot field of a wafer, respectively. 
[Drawing 15] Drawing showing drawing in which (a) shows the wavelength property of the 
illumination light used by AF system in the modification of the example of this invention, drawing 
showing permeability distribution of the light-filter plate 60 with which (b) is used in the 
modification, the wavelength property of the flux of light that (c) is received by the array sensor 15, 
and the wavelength sensibility property of the array sensor 15, and (d) are drawings showing the 
wavelength property of the photo-electric-conversion signal outputted from the array sensor 15. 
[Description of Notations] 
1 Slit Plate 
10 Oscillating Mirror 

12 Plane-parallel Plate (Plane Parallel) 

13 Selector Circuit 

14 Slit Plate 
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15 Array Sensor 

17 Synchronous-Detection Circuit 
R Reticle 

PL Projection optics 
W Wafer 

20 Z and Leveling Stage 

21 X-Y Stage 

30 Main Control Unit 

30B Amendment operation part 

30C Deflection detecting element 

3 OF Exposure process-data storage section 

60 Light Filter Plate 
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DRAWINGS 




[Drawing 2] 

(a) (b) 




[Drawing 4] 
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[Drawing 7] 
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[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] Projection optics which projects a mask pattern on a photosensitive substrate, 
The substrate stage which holds said substrate and positions said substrate in a flat surface 
perpendicular to the optical axis of said projection optics, 

The focal leveling stage which adjusts the height of the tilt angle of said substrate, and the direction 
of an optical axis of said projection optics of said substrate, 

The incident light study system which projects the image of the pattern for focal detection aslant to 
the optical axis of said projection optics using a nonphotosensitivity light to said photosensitive 
substrate on the measure point of the plurality in the exposure field by said projection optics, 
Light-receiving optical system which condenses the reflected light from said two or more measure 
points, and carries out re-image formation of the image of the pattern for the focal detection on said 
two or more measure points, 

Two or more photoelectrical detection means to generate the detecting signal corresponding to each 
amount of strike slips of two or more images in which re-image formation was carried out by this 
light-receiving optical system, 

In the projection aligner which has the control means which controls actuation of said focal leveling 
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stage based on the detecting signal from these two or more photoelectrical detection means, 
The projection aligner characterized by establishing an operation means to calculate the offset value 
for doubling the datum level of the focus on said substrate with the image surface by said projection 
optics independently for said two or more measure points of every, based on the process structure of 
each detecting signal of said photoelectrical detection means corresponding to said two or more 
measure points, and the exposure side of said substrate. 

[Claim 2] It asks for the detecting signal of said photoelectrical detection means to correspond, 
respectively in two or more measure points distributed the whole surface in said exposure field, by 
driving said substrate stage and running said substrate, where the image of the pattern for said focal 
detection is projected into the exposure field by said projection optics from said incident light study 
system, 

Said operation means is a projection aligner according to claim 1 characterized by calculating the 
offset value for doubling the datum level of the focus on said substrate with the image surface by 
said projection optics independently for said two or more measure points of every based on the 
process structure of the detecting signal of said photoelectrical detection means in two or more 
measure points distributed all over said, and the exposure side of said substrate. 
[Claim 3] The projection aligner according to claim 1 or 2 characterized by making the flux of light 
used in case the image of the pattern for said focal detection is projected into the exposure field by 
said projection optics from said incident light study system into the flux of light which has the 
bandwidth of lOOnm or more. 

[Claim 4] The projection aligner according to claim 1, 2, or 3 characterized by arranging the optical 
filter for carrying out entropy of the wavelength sensibility property of the flux of light used on the 
optical path to [ out of said incident light study system ] said two or more photoelectrical detection 
means in case the image of the pattern for said focal detection is projected into the exposure field by 
said projection optics from said incident light study system. 

[Claim 5] Said operation means is a projection aligner according to claim 1, 2, 3, or 4 characterized 
by amending the desired value according to the height of the image formation side by said projection 
optics using the offset value independently calculated for said two or more measure points of every. 
[Claim 6] The datum level of the focus on said substrate is a projection aligner given in any 1 term of 
claims 1-5 characterized by including the field where a pattern with the narrowest line breadth is 
exposed among said mask patterns. 

[Claim 7] Said operation means is a projection aligner given in any 1 term of claims 1-6 
characterized by calculating independently the 2nd [ according to the image formation property of 
said projection optics ] offset value for said two or more measure points of every. 
[Claim 8] By scanning the shot field on said substrate to said two or more measure points, said 
operation means is a projection aligner given in any 1 term of claims 1-7 characterized by calculating 
the offset value for doubling with the image surface searching for the concavo-convex distribution in 
said shot field, and according the datum level of the focus on said substrate to said projection optics 
independently said two or more whole measure points based on said concavo-convex distribution. 
[Claim 9] Said operation means is a projection aligner according to claim 8 characterized by 
memorizing the deflection of the image formation side of said projection optics, and the run side of 
said substrate stage, adding this amount of deflection, and searching for said concavo-convex 
distribution. 



[Translation done.] 
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W 5SM"f -5 j£fc ffiBt 3 „ 

[0 0 2 7] £Ts ^XMW-??£M2n;fcX';>y MfUD 

1 2^LT^MX'j7hSl 4±tcXU >y h^ff 
Sit5. jg»5^— 1 0«§7 i efflXU-y Ugl 4±lc 
T'fTSX'j -y *<0fi^(Ri4:iSX'r**(SJK« 

•y M£l 4±©X<J>y ht, Vx./s\NfrC><DfcMm£& 
SX'J <y h«©ai&it>j&4:Offl»M«*» X'J >y h©S 

Ottfgjgfl (OS C) 1 6A^<D|gft{3 
^K5'Tr*tl*5'5-Kft» (M-DRV) 1 HC 

[0 0 2 8] C7 LT> X V -y h^S^fflX 'J-yhffi 
1 4±T«T5t, X'j7hil 4£J§i®Lfcft3? 

•9— 15ii> X V y h£ 1 4 ©X U -y KDS#*|r|*« 
»©«/hfl««K:#SI u ^/hffii««cffiB!l<03ftiliJR 
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•feU^^-telSSl 3^/M,TSS?, Xfi^lz-Xft^n 

t> mmtfm&m$& (psd) i 7tc«^ns 0 c©i^ 

coo2 9] c(otz. mxmem&i 7it7u^-t^ 
10 zo&tfmmtim^ f s it^m^--y h cmcu) 3 

©IffcWf *U gftfflX U 7b«H CDX U y h*P >bt 
^x,>nWA^<9K*FX'J «y h m<Dmm<P'b t A<— g{ L 

^•F SA^b^KC^-St^^^x/NWcOil^® (Ix 
20 A^U^b) il^^fc^x^NWCDitf^fitBA^ V^Tt 

aLfcfcf?KrajH««©Hn 7<i»6o*sa*ffl§F s 

t,±%:\,\ fCt, m4tp<D7ls— WH 2^raE$iJ 
W^.--y h 3 0fcJ:*IW»<0tii:T?«tJTx (5»W=5:» 

»*PEt«SSftffiF o t£D-gj (XCififiK^O^ 

^) zmzcttfr-tZo 

[0030] $fc. ^fijfflixL- <y h3oa, 01 <oytm 

■b>-9— 5 5A^<Dta7tlM^KS^A*LT. f4A«y? 
S©^AF^*+'J7l/-: ^avrS*iHl, ^L^- 
y/<7WM 2 ^AF^CO^- 
«i«Hl*«# F S (cSo't/^T Z • U^'J y^f->' 2 

o©igi!iffl^-^ 1 9*mm?2>m.W}& (z-drv) 

[0 0 3 1 ] H 5 tt, «R*fi*fcP LCD®&%im I f 
il> ^AF^A>P.£0XU-y h^S TfccD&BM^^ 

R}g-P^t)> U-^^l/R >^igP A<D/^^ — > 
ftA<S^?4aS^3-y hSfJgSAti, ^©R0rt{c#$ 
nS^Jgt;^:oTV^„ X'J-yhiSTti, XYX-r— 

1 o^iti^MttT'tfesxfflst/Ytto^-n^nic 

*fbT4 5° Sfi«^T'>x/NW±{ca»$tlS„ 
so T, jS7tffl^U>'X5RO"§7 l efflW!t%lU>X8<OW^ 
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WA F x<D?XMW\©StK«\ X »J y S T fcfiSc 
LttfaiCftXfT^Zo MfC. X'J -y h<SS TcDtfo 
U\ 3frttAXfc<Sl£— WfZ&vlCfetbibtl-Z^Z,, £ 
cD<fc3^fiScT% XU7h®STtt, fa'yhfgSA 

[0 0 3 2] — agfCv's -y h^S AfCti, ^ftg:T*<D 
B3tlg«fc «fc 5 Hfi**T£[3g&^2->>WBi£2rft 

ri/^c c<Dt§£\ *mm(D7u-ii7.%mz& 

ftfc: 1 OtD-> 3 >y hglisSrttcJfigCcD^y 
7/**->*eB-r*JI^ &^y7^*-vS:#gi-f 
5/'ci6<DX^7-l'7^-<^3!)^>3 -y hffiJ^rtfCX^TlpJX 
«Y#p^c#tfTflM£ft-5<r<ti:4tK x*5^:77 
-0±©jSfc^-yy/^->±OjSi:oiBK:H:, »$4 
lot' 2 /t mJW_k©&££#± IS 5 C 1 1 X V v h 
^ S T F»?<D if <0§15^{C X * 5 -T 75 -f VtfteB-r 5 
RfhhOS/g y h caws' s? hrtOfyWX 

Offi^cOgP^ <E> <DB.myt&®&/ Z/ > X«X * ^ 20 

-So 

[0 0 3 3] H6», SftfflX'J-y h« 1 4i:7Wt 

T, X'J>y MEi 4tt^77M±K^ni»I GSJtt 
ffi) &3>®K:a&gU ^<D— gpti-yfy^KJ: 
4XU <y h^fiitLfct,<DT'S5o C<DXU-y hffil 4 
&&7U-.kl 4A±feH5£U C<D§)t7b-i, 

•©/''JvUfii 5A±c«jitf5FHSofci:*ffl^ 30 
THJ&rSo CtWCJ;?^ XU-yh«l 4«DXUyh 
«7l/^yf-l 5 <D— ^TtOgTtM^cOia^J £ ¥?T 
K%-3tftSn5„ C<D«tdlCXU -y h«l 4 tTL/ 

tf, XU>yhffil 4t7W-b>1J--l 5t<Dfffl»Ci|g# 
UyXJR*»W\ X'J-yHgi 4 1 5 

t*3t^fcfttSfcLTfe«tl/^ 4fc\ 5fe<D06T'^L 
fcX'J-y Mf*S T<D'7X^W±T-<Dfi£te, SKSS 5 1 
f ©BSteJ^TfcSfcSjbV l&l&tt^P L<D<g45tf 
1 / 5 08/h) T\ SK^^ I f CQittgtf 3 2 ramfi 40 

zvmzmmi f <Dtag<Di<g~i/3(g 

SfitCf 5<D#5I3;H,\, 
[003 4] ?T, 07{±, 1 5, -feU 

**H3»1 3, RffittttlaieSl 7, RZf£®ffl3.-v 

1/>T, -brU**-[5jS§ 1 3f±5ffl<EHrl'**-|5lB&l 3 
A~l 3 E *i)«JS;£ft* HW&MlHlgg 1 7 5 <@<D|5! 
BU&i&ElSSl 7 A~l 7EiDMSnT^5. 
T, 7Wtyf-l 5<Dg^aj^50CDy;b— -?g 
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fc<t 0 ^n^rn 1 o<D§^®*^ss?-r -s 0 c <di§£\ 

^Iz-yGa-Geli, ^ft^ftia 5 ©X V -y hff&S T 
tcjfe-p tc 5 OCDltSU^ P 1 ~ P 5 cDhu^cDX U -y h- 

1 3 A— 1 3 E 1C Jit^T. ff-aU/SP 1 ~P 5±«DXU -y 

h m*&yt? %> &ymm<D%ifom ! %*mR? * t, <d 1 1 

[0 0 3 5] m&f&iC 07fCtJl/->T, 

1 5£DS7tea^<D^i/-^G apucitm&mvgytwm 

tf-g-Srft, -trU*#-|US& 1 3 AfCfcoT^ne^TtiB 

c<D&ymm<Dmiimf$%mmtfiWLm& 1 7 Mcmmt 

Zo 4t3, -feU^^-lHl^l 3A(i, ^l/-yGal*jcD 
S?'c:i®«<Drtffijt(D 1 0*SS?UT*oai*ii9*RU« 
1 7 A fcSSS«fi60ffiK, ^U-^G a |^<D|^ 

it§2a xt± 3 ^HD&msmz&mtcmu, tne. 

ffl^tf^TI/^. mmiC 7)U—7G b~G e(f<D 

a-gyeiii^p.cDai^ffi^t^n^n-trL'^^-iiiK 1 
3 b~i 3 EHt«?n, »Rsnfcffi*fi^*^n 
3 etimm^gmsi 1 7 b~ 1 7 EA«^?n§„ 
[0036] RW^ttgies 1 7 a~i 7 e«, ^n^n 

ifFSa-FSe^n. cneotitti^f § 

FSa-FSelt ±%m^- v h 3 0 flO/ta 
7 ! *J$)\>Wgkm (ADC) 3 0Atftlftlf^^;l/f 
ft TMiE»«»3 0B* Stf<lM1t£±lgP3 
0 Ctc«i^?nS„ MlEi»S[gI53 0 BtC«, S^T'o-tr 
X^-^IBtgSP 3 0 F <fc •? MHS-y-x/N(D:/n-trX#fjgfc 

tiztmc, i5feaP3 odj;di 

^©IEffl<D^-7-tr-y Hfei^tlTI/^. ^LT. M 
iEi*»gI53 0 B(±, -MfcbT5 0<D^}Sffl^ff^(D 
fit. BP^'7X>'N±<D5^T'<D7*-AX-rfta > S:Cf7 

a-bx^JiKK-r-S^-^^tcS^v^T, >>x/N±<Dg- 
fKWjSio z^rfin?<0B«tftKfcit*6-r*««fiffl*ffl[*j|: 
tuu ^<Dfif^<iM^tbgi53 o cicmm-rzo c<omm 
^wa5 3 oca, mjEmm^3 0Bi3^comtsmtAD 
c 3 o A*»6o«Mfim*ffii:oaw**au c<d{sm 

?r'>4 < f 5 «k 3 4fg^^ D S 4 cDSKgC 1 8 IC 
[0 0 3 7] <lM^aig|33 0 CT'{±. M 

^.tfffiiEg|ggi53 0 Bfrzvgmt-rz&r&mtim^t 

ADC 3 0 A*>t3<D^&m^3fi^F S a~F S e tcDfM 
M<D S JRSi*«a/Mc 45 J; 3 (c, Hi^g/hajRJ* fc «t 
0, 121635 1 8**JW"r*o cnicJ:*), Z • U-<U> 
yx-r-^2 OOZ^fDffiH, &tF<S»ft*«WW«ft 
T, HS <DW-SiJ^ P 1 ~ P 5 OT*§W4HT««a»)t^3R 

p l <D*g{gffi&c£-grr 5 «k 3 tedj»#ff toft*. 

[0 0 3 8] 443, 05T'«ffS!l^P l~P5A'ltff« 
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««ft*iWWf SKtt, ^ne>ffMP 1~P 5?r2^ 

Xt±^OJ:^fC'i7 3i>'NW±<D->3 -y b^igS ASrXU 
•y TlcttLTmStD^fRrtc^LT. ^Ov'a -y 
h fRig S A <D£® T' £ #*5£f+ifJ-f nt±* <fc V > 0 
[0 0 3 9] Sfcs l37fC*5l/>T, ffiSgP3 0 DtC^46 10 
fStf.^nTl/^Jl-7-b-y hffi«, i$IEfiiti&5£g|53 0 Etc 
iota mH£tl3fc<DT*&KK |&IEfiiifc£gI5 3 0 
E t± 5 OCMtil*l§ F S a ~ F S e > Rtf %*fe > 
-9-5 5cDta^jm^K S J;i3, ^AF^cD{g«W*«2P 
ffii:^Xh7*-7JXS5Foi:©{lM^ ttKffi*±o 

ks (03#ks) tsR^K^^iiz-y-yruv^r* 
fc tb <o r i- d * )\y$m&. Rtfiem * * y « & 

titlT^S, 20 
[0 0 4 0] CCt»IS9*#fiBLT, RlEfflRSffi 3 0 

Ecaftw^iijagii^BiBB-rs. ^ttl cx;i/-- 

§§ (ADC) 3 0 0tCA*j£4"U ^Om^U^WCttJS 
LfcT^^l/ffitCg^nT^tU £LT©R AM 3 0 
1 lc§e«£ft3 0 CCDRAM3 0 1<D7 K UXft^ti, 

StSts Madc 3 o Qvm&z-myifimn&tu 

■y^x^U— £ (CLK) 3 0 3frWO7^I/' so 
XtC[SIffiLri/>.5o HHHtC, 5OC0^jSai7^^F S a 
~FSe<D10*V IRXi'-yf 3 0 8*MTADC 

3 o 5 ic #t*&^ n, cc T*m&-$ titc z jimiz * 

V? 3 0 7 (Cio T7 F UX^?n5 R A M 3 0 6 tC 
Eft£*i3. t£oT> RAM30 1, 3 0 6fcti. ^-tx 

(DNPH^csfb-rs^^ixDjisn^o en?) ram 

3 0 1,3 0 6 fiOS^ti, ffiB&9fl!3 1 OT'XA- 
[0 0 4 1] £43. M»SaagP3 1 Oti, RAM 3 0 

i , 3 0 6 icmmBi&zmv&tsrcibic^ z-b^jv 

$J/5O{£Bfc0 2 (a) cDXU-y h-V-* I Sx, IS 
y, I S a<Dfpfo*&$hZ-&Ztctb(DmW}mfi%:m4(D 

[0 0 4 2] Hi 0 (a) tt, l-^(9&i£fcH2jfI*f F S 
©^{fclftt^U Z • U^U^X-r— ->*2 O^rZTj 
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-efci:#fcRAM30 6tc|gjft2n£i£Jg7 J — £tc*fJ£ 

-r-So 010 (b) li^cDfc^iCR AM3 0 1 F*3 

^ft^l^l/^-^fCOi^Ttiv fiL^l/fc^ElLT 

[0043] 09ORAM3O1 rttcti. 010 (b) 

TKUXtt§m^ni.(DT% SIS[MSgI5 3 1 Oti, %<D 

tC, St8&JiaB3 1 0«> RAM3 0 6rt©^T! IC 

McK1f.;?nT^5j$j£tH7lfI^F S<DU^;UA F S£ 
*i6§ 0 C<Dl^~01/A F Sti. ^jfitB*m^FS±(D« 
^A>?>(D4-y-tr<y httEE-e^t). C<Q01O (a) <D«fc 
^^ffitB^^^-r^^A FJROW^jSTtt* 
^7^*^+ A F S lefts J: 3 tC^$j5£j5T'<D<i7i/vSE 

-*X®F o i:*^&-rsc:i:(c^:S„ 
[0 0 4 4] tC5T', 0 9<D|hIS& ; £<&-5 i:£tcl±, 0 
4(0X YXf- V2 1 ^W^-tirT, aJpV-^SFM 

±(DX'j -y F-^-^cOtpiL^^A F ^O^SHSjSOfif 

)*46{i ; ?-4-UgMSBT'fe^^S{i:^:< , ^A FlfiOWje 

1 0 Sot, ^A FIS 

OPJ^> IH^05fc^LfeXU 7HS Trt«£j£ 
P 1~P 5*^$ofcP>. ^-ne><DS'J^5:(p^fc± 1 
0 0 fimSfifDiBBTXy -y hv— ^^©{SS^rX^lP] 

R^>*Y77[RI^c-rp.-r^:tt^^^ z^ipjtcjgoT, fi^KS 

^S5^ (M^KScDSNitOffiT) *a*^<»t*fc 

[5l«<D«*l?*7-b-y hfflA F S*&ibZ£ttfnimT 
%>2>o *fc, ^C^-7-tr-y hffitiS-SiJ^P 1~P 5« 

[0 0 4 5] C<£>«fc-5&CLT, 0 5 coS-ftffl^ P 1 ~ P 
5 ft^-f-n^n Z £iSn?BHB3fe39R P L (C «k 5«m^fliS 
©&BtC^-&-r-5i:#c0^m7im^F S a~F S eO 
ffl, Bp-fe^c0ftaiig^ffi-ec0^-7-t:>y hfflB F a~B F 
eW&tbZtlZo 05tcfci/^T, i/3 7b«f6SSA$M 
x.tfX?3(6]{CXU-y bms TtcWLT^fiLTv'H-y h 

MM s a <D-£mfcftif;?z&M&-e#i$imtim^ZJittt> 

^fc^-7-b-y HBFa~BF e rtCDfnjnA-'^fitT'fe 
[0 0 4 6] ^JtC, **^OT(c&t*«£fl&tfBftlbfl? 
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T^-TSo C<£>il£\ MJffcLT. 0 5©&ff«.P 

1 ~p 5*^fns^7tfsp Loiiaist^is?* 

/ct§-g-<D*£i££id*jfl^ F S a~F S ecom. BP^jSA 

F a~B F eti^-feff-jlil^tlTl/^fecOt-r-So &33> 

nP>^7-b>y hfflB F a~B F e liJStf 0 fcf 5 C ttf 
T'£.g>(DT\ CCT'feftie>*7-t!7MBFa~BF 
e{±0{c3£l/">MT'fe§ o $fc. X YX-r— i>2 1 «r®l!j 10 

Lfc^oz • i/^'j>yxf-> ! 2 oojtoffifcisag^ 

[0 0 4 7] Sfc-f, M 1 1 OXf77l 0 1 ic&^T, 

AF^5,OX'j7 h«ST<oa»««JtKgfttr*. 
*Oft» Xry^l 0 2fc:33^T, X'JyFfSTOtti 
£»©fNllj£ P 3 T'*- h 7 ^-^X^t? o iP^x fHM 

ICtf ft? ttttttUftffifi} F S c »&|g{f!ffi<0:* 20 
7-fe>y hffiB F clC%%£5lCZ • l^'J y^Xf-v' 

2 0©Zjfrl«B©are*SHBEU COttMTCZ • U^U> 

yxf-y2 05D7^t5o 6£oT, cnw»»W-S9 
*^7tSJT'Z • ^UV^Xr— >*2 0£>i^£, R 

X*?f aoti, -> 3 >y hgfttS ArtOHOGWWIitf^jSi 

C0048]fiU *HSfi^JT'liX^>y7'l 0 2»C*5t,> 
TX'JyhiS T OtfiESOfHHJ^i P 3 

— £X£fToTfcJ^\, C(Di:t<Dffjg!|^{iP 3T*fe-5 

V\> I^7*ntXf-^4ffl^tt- h7*-* 

ItS'J^P 3 t**S&HttJa:< y F£©X "J >y 

O^T'SoTtMA F?StC«tr3T^m$nS7*-A 
XffiB<7j-fnfitf*©fctHS!B (S*-7tcJ:oT&i: 

[0 0 4 9] Xr--y7°l 0 3fC*5l^T, XYXf 

-f2 1*BBLT, 0 5 ICtH?£ o Ki/ 3 >y hffii^S 

a*xu >y h^s i<D-x?5m^mm<Dwmm$k®m 

SB(rC®§j]-£ii:rc'&. X-r-y^l 0 4{C*3V>T, XYX 
r-y2 1*MU, X'J -y h^S TfcWLTX73(p] 
fC->a >y MRifiS A*j£SEU ?IIE«Wgl53 0 BftO* 
* U t*tt«m*<3^ F S a ~ F S e ftttMrS. d © 

is, x yxt-s; 2 1 omwM is— VTmwc <t t» itsd 
ns^«{c>itf5-rsT k v^cm^m^m^ f s a so 
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~F S e^*S^bTl/Ht{f«kl,\ ^©tfL Xf'y^l 0 
5tt5l,^T, f#£tlfc&j£tH;WtF S a~F S e 

IS«S AFicoT'a-trXgMO^'S^f 3o 
[0 0 5 0] mft&ttC 08 (a) ti'i'Ji>'NW±tD ; ?-<D 

«^pi~P5*^nt^5„ &*5. ngf(;a7x 

Isi/X MittrBSLTife-So 08 (a) fCfcl^T, 
Ffc<0<Ra»fcS!N54 i±tcSH-i9J^P l~P5tf& 
WlC-r ««Mfiffl*fll^F S a~F S eA^n^Ftl 
0i:&3o JS^ft^P LQfi&g£ftfi4 2»4* 

bt^Sc C€>it£\ «>x/\W±H:U:KK:aSWOEIIS 

oTl/^o ^£>fc46, #ft«P 1 ~P 5T'f#P>n§1t 
ififfl*^*F S a~F S e t?Z>£, CtlS^ifctii* 

[0 0 5 1] ^J^.tf^X>'NW±©flgP(D/^-V®tS4 

0 a±kh«p 1 , p 2#{ubu caaB©/<*— 

84 0B±tCftSlJ^P3^ffiSL, aS5cD^^->fS8 
4 OCJitCffSiJ^P 4, P 5A^ffiBLTV^fe(Dfr5 
ffMP 3T'©^j6WX3«^F ScOffltfgt/W 

*465o MiEiHg[g|53 0 S^n-trX-r 

-*E«»3 0 F^67'n-bX«iiK:M-r*f f -*fe« 
*&^tiTV^fci6, ffiJEffi.W.%113 0BB, ±a?£0J;^(c 

£P 1 ~P 5^ffiH-r^^^-^ffiiS4 0A-40C* 

[0 0 5 2] cntC^D, 0tJx.tf^/^^-^84 0 A 

~4oc^ mmwi&fii (uz?y? 

gij^n^o sfc, ffiiE^sgi53 0 eh. mife-znrcT- 

^«t»3> SA?-yIHE4 0A, 4 0COgfZA , R 
Xf/*$->ffi&4 0 BOSMZb ?rgmT-^So cti^ 

"PSStf, ^£D«t 3 fc Cft5©aS£©IS#*£W-at|HIIH 

[0053] sfc, tttzmm-rzitm&m-ciDmftT- 

»i*cfc**-e**. cnkiJ: Off-SfJ^P l~P 5 <T>Wk 
71 0 61C43I/>T. ->3 7hi«SA±T&i?^ 
(a) tti^T, m-M^P 3^ffiB-rS^^->^84 
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Tx >M?--ymm4 o Bz-&M&mmt?z, 0 ml, > 
iihk (mtf/^*->fiw«4 o a) z&mmmffit-rz 

jccT^ss) ic^xm^ sfc^-rntf«ti/\ 

[0 0 5 4] ^"CD&, Xf7^ 1 0 7tC}3^-C, ff-giJjS 
P 1 ~ P 5 iClSlfZtfi&tiitim^ F a ~ F e left? 
7-tr-v HIA a~A e&Rib&o 08 (a) (cfc^T, 10 

P 3{Cfett^^jSW^m^F ctcM-r^*7-b<y hfigA 
cttOT^S. StStePl, P2. P4, P5fC 

43tt5^m*{i^F a, Fb, Fd. F eiCtttZ* 
7t7MAa, Ab, Ad. A e It, ^rtl^rtx (Za 
-Zb ) /kt&So 

[0 0 5 5] &fC, ^77^1 0 8lc*5l/>T, tfjESt* 
g&3 0 B«, |M8 (a) (Dm&&imW4 2X'<D^Hitl 
flfO^'yUBFa-BFeli:, Xf'y/l0 7 20 
T#*frfc*:7-fe«y FfflA a~A eZbaWTZo Ctltt, 

mm*^tsm&&mm 4 2 Afc^tjs-rsokVffli-e* 

0 A~4 0 C^^-li:«ili:{C^:§ 0 
[0 0 5 6] HP*. Xf77l0 9Ct3^T, fUEiUS 

as 3 0 Bit, fommftm&mmm 4 2 Aott»a*ig 

*f> BP* (B F a + A a) ~ (B F e+A e) £r<SS*& 
mgP3 0 Ctcm*ST£>o *fc> MM^tHgI5 3 0 CtctiH 

■mv**— >uwu 0 a~4 0 ctc^-rs^tB/jM 30 

§F a~F eib'y7;^'TAT'ftl&Snt^5. 

T\ {gM&fcHg|3 3 0 Ct>\ Z • L/^'J>^f-: ^"2 0 

mnrnm® 1 sicmlt, w*tfS/he*£*sifl!L 

T, *!7-tr-y hffi (BFa + Aa) ~ (BFe + Ae) 
fc**a»2jft9F a~F e fc©ffiJg©g*»jVS'.hK:ft 
*J:5ftWft«#*fltlM-* 0 cftfcfcS, 08 (b) 
tcjjrf <fc?&c, ^ifi?PI-p$«/^-yf«4 0 B 
it, tmt>*BU6maB4 2tc£«T3. X^y 

[0 0 5 7] C<Di:#, ^>-y|W4 0 B&W<D/*$ 
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